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Summary

Newbomn b:fbics face higher risk of infection than adults, but the
xmqlunologxcal basis of this observation is yet to be fully ex-
pla_med pa_nicularly in babics of different gestations and birth
wc,ghts. Sl’_(fy~t\\‘0 (62) adults, 55 full-term babics, 18 low birth
weight babies and 44 normal birth weight babies were consid-
ered for the study. B-lymphocytes and T-lymphocytes were enu-
mc_:mlc@ by EAC-rosette and E-rosette respectively. Leucocyte
migration find mtracellular killing were assessed by percentage
migration index (% M.I), percentage Candidacidal index (% C.1)
and t?acterial stimulated nitroblue tetrazolium (NBT) dye reduc-
ton index (%NBT) respectively. Also, serum levels of C3 and
C5 were mcasured by single radial immuno-diffusion method.
Percentage T cell, C3, C5, %NBT and %C.I were lowest in low
birth weight babies but % B cell was lowest in full term babics
while normal birth babies had least %M.1. The present study
suggests that gestational age and birth weight affect different
aspects of immune response.

Keywords: Birth weight, gestational ages, phagocytosis, leu-
cocyte migration, neonates.

Résumé

Les nouvecaux-nés sont dans le plus grand risque d’infection que
les adultes. Mais la base immunologique de cette observation
n'ai pas encore bien connue particulicrement chez les bébés en
diffrent stage dc gestations ct leur poids. Soixante-deux (62) adultes,
55 bébés a terme, 18 bébés ayant un poids corporel baissc et 44 bébé
s ayant un poids normal ctaicnt consideres. B-lymphocytes ct T-
Ilymphocytes ctaicnt cnumcres par EAC-rostte ct E-roscttc
respectivement. La migration des Icucocytes ct la mort intraccllualre
ctaicnt cvaluces par pourcentage d'index de migration(%M.1) :
pourcentage d'index candidacidal(%C.1) ct bacterio-tctrazolum
mitrobluc stumilce (NBT) ct I'index de reduction du dyc(%NBT)
respectivement. En addition, les niveaux du scrum ct C3 ¢t C5
ctaient mesurces par la mcthode de simple diffusion radiale. Le
pourcemtage de T cclls, C3, C5 n% NBT ct % C.I ctaicnt tres faible
chez les bebes ayant un poids faible a la naissance mais Ic % dc B
cclls étan plus faible chez les bébés a terme, alorsque  lcs bébés
normaux avaient moins de %M.1. Cette ¢tude suggére que I"age de
gestation ct le poids a la naissance affecte different aspects de
I'tmmunité normale.

Introduction

Several studies have shown that neconates are more susceptible
to infections when compared with adults. Among suggested rea-
sons are the: reduced expression of ncutrophil adhesion mol-
ecules [1], abnormal chemotaxis, bone marrow exhaustion,
complement deficiency [2,3], incompetence of T cells at birth
{4]). )immatunty of antigen presenting cells and co-stimulatory
molecule expression in the nconates [5,6]). However, the extent
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to which deficiency of cell mediated or humoral mediated immu-
nity explains hypo-responsiveness in newborn babics of differ-
ent gestations and birth weights is poorly understood.

In the study reported here, the cellular and humoral
components of phagocytosis in nconates were compared with
those of the adults. The outcome of this study is expected to
improve therapeutic approaches to nconatal septicemia and also
provide valuable information on the mechanism involved in
normal inflammatory response.

Materials and methods

Blood samples:

Informed consents were obtained from the mothers of the re-
cruited babics and the adults before the collection of blood
samples. The babics considered for this study were delivered at
Adcoyo Statc Hospital and University College Hospital, Ibadan,
Nigeria while the adults were members of staff from the hospi-
tals. Blood was collected from the umbilical cords of 177 in-
fants that were separated based on gestational ages and birth
weight at delivery. Fifty-five (55) were full term babics (€©37
weeks gestational age), 18 were low birth weight babies (< 2.5
kg birth weight). They were all born by normal delivery. From
cach baby, 8-12 ml of cord blood was collected in a tube con-
taining anticoagulant (heparin). Ten ml blood samples were also
collected from apparently healthy adults by venepuncture into a
tube containing heparin.

Preparation of blood lymphocytes from whole blood:

Blood lymphocytes were isclated from whole blood by the
mcthod described by Ling and McLennan [7]. Between three to
five ml of heparinised blood was each delivered into a universal
bottle and 5 ml of medium (Hanks solution - heparin solution)
was mixed with the blood. This was carefully layered over 4 ml
of lymphoprep (Pharmacia, USA), centrifuged at 850 x G for 20
minutes and the mononuclear cells between the plasma and
lymphoprep was carefully removed into a clean plastic centri-
fuge tube. The cells were washed 3 times with Hanks-heparin
solution and the lymphocyte number was counted with
haemocytometer. The % cell viability was cvaluated in 0.5%
Trypan blue dye.

Enumeration of T-lymphocytes:

This was based on the method described by Salimonu er al [8].
0.25 ml of 4 x 10* lymphocytes/ml Hanks solution was mixed
with 0.25 ml of 0.5% suspension of washed sheep red blood
cells (SRBC) in PBS, pH 7.2. Adsorbed heat inactivated foctal
calf serum (FCS, 0.1 ml) was added, incubated at 37°C for 5
minutes, centrifuged for 5 minutes at 100 x G and re-incubated
at 4°C ovemight. The % rosetting cell was determined by count-
ing 200 lymphocytces in hacmocytometer. A rosctte forming lym-
phocyte was defined as one that bound 3 or more (SRBC) [8].
The assay was performed in duplicates.

Enumeration of B-lymphocytes:
The procedure for the enumeration of B-lymphocytes was as
described above for the enumeration of T-lymphocytes except
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that the SRBC used were sensitised with sub-agglutinating dose
of guinca-pig complement by gentle mixing. 0.25 ml of 5%
presensitised SRBC was mixed with 0.25 ml of 4 x 10¢ lympho-
cytes/ml, incubated at 37°C for 45 minutcs, this was centrifuged
at 200 x G for 3 minutes and the percentage rosetting lympho-
cytes counted using hacmocytometer.

Leucocyte migration inhibitory factor assay

The method previously described was followed [9]. Two ml of
heparinised blood was mixed with cqual volume of 3% dextran
solution and this was allowed to stand at 37°C for 1 hr. The
leucocyte rich supematant was spun at 300 x G for 10 minutes,
washed in 15% FCS and the number adjusted to 1 x 10* cells/L
before being filled into capillary tubes. These were spun at 850
X G for 10 minutes, cut at packed cell-medium interface, placed
in amigration chamber and filled with cither medium (15% FCS)
or antigen-medium solution. The antigen-medium used was 1:20
dilution of BCG (Bacille Calmette Guerin) in 15% FCS and incu-
bated at 37°C in CO, for 18 hrs. The migration arca was traced
unto transparent paper and mcasured by counting the number of
small squares enclosed on a graph paper. The percentage migra-
tion index (% M.I) duc to the antigen was calculated thus:
%M.I=T/C.x 100 where T is the arca of migration in antigen
solution and C is the arca of migration in medium.

Collection of neutrophils:

Neutrophil suspension was prepared from fresh three to five ml
of unclotted blood as described by Strober[ 10]. Five ml of blood
was mixed with cqual volume of 6% Hanks solution and al-
lowed to stand at 20°C for 45 minutes. The leucocyte rich plasma
was harvested, centrifuged at 850 x G for 10 minutes at 5°C,
resuspended in Sml of 0.9% NaCl and was gently laycred on
Sml lymphoprep solution. This was spun at 800 x G for 40 min-
utes at 20°C, the saline and lymphoprep layers were aspirated
leaving neutrophil / red blood cell pellets. The RBCs were lysed
with 10ml of cold 0.2% NaCl for 30 seconds, after which 10ml
cold 1.6% NaCl was added to restore the isotonicity. Neutrophil
pellet that was obtained by spinning at 850 x G for 6 minutes at
5°C was resuspended in cold Hanks solution. The total number
of the ncutrophil was recorded and the number adjusted to 5 x
10° cells / ml.

Percentage neutrophil Candidacidal index (%C.1):

Pcrcentage C.I was determined using the abilitics of neutrophils
to kill Candida albicans as previously described [11]. A suspen-
sion of 24 hr culturc of C. albicans was made in Hanks solution.
This was adjusted to 5 x 10° cells/ml of Hanks solution and vi-
ability of the ncutrophils was confirmed to be 95% by the Trypan-
bluc dye. To a mixture of 0.25ml autologous plasma obtained
from spun blood, 0.25 ml Hanks solution, 0.25 ml of Candida
suspensions and 0.25 ml of 5 x 10" neutrophil suspension were
added. A similar set up was made for the control tube except that
ncutrophil suspension was omitted. The tubes containing the
mixture were incubated for 1 hr with shaking at every 15 min-
utes. At the end of this period, 0.25 ml of 2.5% sodium
desoxycholate was added to each mixture to lyse neutrophils but
not the Candida. One (1) ml 0f 0.01% methylene blue was added
to stain dead Candida. Methylene blue was carcfully removed
with a pipette after pelleting the Candida by spinning. The or-
ganism was resuspend in a drop of Hanks solution. Two hun-
dred (200) Candida was counted using hacmocytometer and the

percentages of dead Candida (stained cells) was determined from
this.

Nitroblue Tetrazolium dye reduction index (%NBT):
This was based on the method of Feigin er al [23]. For the stimu-

lated NBT procedure, 50LLl of NBT solution, 25}l heparinized

blood and 251 of stimulant solution (£.coli lipopolysaccha-
ride) were mixed gently, incubated at 37°C for 10 minutes and
for further 10 minutes at room temperature. Thick smear of the
mixturc was prepared, air dried for 10 minutes and treated with
undiluted Wright stain for 15 seconds and diluted Wright stain
(1:1) for 30 scconds before rinsing in water and air-dried. 100
neutrophils were counted under oil immersion objective and
neutrophils showing dark formazan dcposit were recorded as
positive. Percentage bacterial stimulated NBT index was calcu-
lated as neutrophils with dark formazan deposit (positive) di-
vided by ncutrophil count.

Determination of C3 and C35 levels:

Single radial immunodiffusion method using rabbit anti-human
C3 and CS anti-scra (Sigma, USA) were used to measure C3
and CS5 levels respectively [22]. The diameter of precipitin rings
formed after antigen-antibody reaction in a buffered agar gel is
proportional to the concentration of C3 and C5 present in the
plasma. A volume of an optimally diluted monospccific antise-
rum was mixed with noble agar and poured on glass plate. Wells
of equal diameter were cut in the antibody/agar mixture. The
wells were filled with test or standard serum. The plates were
incubated for 18 hours at room temperature. After incubation,
the diamcters of precipitin rings were measured using a Hyland
viewer with measured using a Hyland viewer with a micrometer
eyepiece.

Statistical analysis:

Statistical analysis was performed by calculating the mean, stan-
dard deviation, ANOVA and Students 7 test. P-value less than
0.05 was significant.

Results

The result presented in Table 1 shows that % B cells were higher
in all the groups of babics compared with the adults. Normal
birth weight babies had the highest % B cell. Contrarily, the % T
was significantly lower in the babies compared with adults. Ba-
bics with low birth weight had lowest % T cell (Table 1). Per-
centage M.1 were higher in all groups of babics compared with

Table 1: Comparison of T-lymphocyte and B-lymphocyte
levels (x £ 1S.D) in newbom babies and adults

Full term Low birth Nommal birth  Adults  F-, p-values
weight weight
(n=55) (n=28) (n=44) (n=62)
T cells (%)  48+6° 30+£3%( 3916+ 61£10 712, 0000
BB cclls (%) 26+7*  34%3* 36t5* 20+4 $1 3. 0000

* Significantly different from adults (P<0.05)
( Signtficamtly diffcrent from normal birth weight babies (P<005)

adults. Low birth weight babies had the highest % M.1. In Table
2, % C.I was lowest in low-birth weight babics compared with
normmal weight babies. Though % NBT dye reduction index was
similar in both full-terim babies and the adults, other groups of
the babics had significantly lower NBT dye reduction index com-
pared with the adults. The levels of C3 and CS were significantly
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reduceq i the babies €OMpare wit
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nonm,

h the aduls. M
Ll s o : s. Morcover, C3
were lower in ; = butn weight- babies compared ‘:vilh
Al weight- babics resPectively.

Table 2, Companison Of Percen,
A8¢ Candidacidal index. NBT dye
Mmentlevels (x + 18.D) of babies ¢
—

Full term Low birth
werght

age migration index, percent-
reduction index and comple-
ompared with adults

Normal birth Adults  F-, p-valucs

weight
(n=55)  (n=28) (444 (n=62)
—_—
(f\"ll 45223 61215%¢ 38411 35515 11.81:0.000
“a 41+23- 3829 42413 i
+2 38+ 2% 5013 4.33.
eMOT Gomts B3O gpaggs gt el
3 3549+ 339+ 34512 70413 961, 0.000
Cs 3:0.9* 310 8* 3.9+) 1~ 6+1 603, 0 000

* Sigmificanth different from mothers (P<0.05)

( Sigmificanth, different from normal birsh werght babies(P< 0 05)
C3 and C5 were measured mg /]

Discussion
The result shows that out of a total 117 babics considered for
this study, 55(47%) full term babics, 18(15%) were low birth
weight babies and 44(38%) normal birth weight babies. The
percentage prevalence of pre-term babics or low birth weight
babies was less compared with the values obtained in the same
emvronment vears ago [22]. Tlis may be a reflection of im-
proved pre-natal care.

This study demonstrates deficiencies of phagocytosis
n human nconates. Normally, prenatal period s a time of little
antigenic challenge. reduced immunoglobulin synthesis and few
differentiated plasma cells [17]. therefore lower number of B-
lymphocytes in neonates is expected. Our finding of higher pro-
portion of B-lymphocytes in nconates compared with the adults
may represent a shift of B-lymphocytes from primary lymphoid
organ to the blood circulation in the neonates. Evidence of de-
pressed number of T-lymphocytes in neonates compared with
adults 1s consistent with the reported small size and immaturity
of thymus and splcen of newbomn babies [18].

Stages of polymorphs bactericidal activity mvolve
migration. attachment. engulfing and intracellular destruction
that were assessed as percentage miogration index, percentage
candidacidal index and NBT dyec index respectively. Babies with
low birth weight had highest percentage migration index com-
pared with other groups of babies. This may be cxplained by
reduced number of T-lymphocytes, defective T lymphocytes re-
sponse to anuigenic sumulation, reduced lcucocyte migration
whibition factor (LMIF) sceretion or defective scnsitivity of
leucocytes to secreted LMIF. This supports a previous observa-
ton that nconates are prone to Listeria as a result of decreased
generation of interleukins, which attracts macrophage to the site
of infection [19]. The proportion of T lymphocytes was higher
n adults compared with all groups of babics, thus explaining
reduced % M.I in the adults compared with the babies. The ex-
tent of leucocyte migration is determined by LMIF concentra-
tion. thus the higher LMIF concentration, the lower the % M.I.
Ward and Becker [24] have shown that two cell-bound serine
esterases are required for cell migration. One of these csterases
eXists i, or on, the leucocytes in an activated state. The other is
enzymatcally inert and becomes activated following interaction
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with the complement system. Qualitative or quantitative defi-
ciencies of one, or both, of these esterases might explain the
deficient migratory response by the neconatal leucocytes.

Nitroblue tetrazolium (NBT) dye reduction index by
polymorphonuclear leucocytes from cord blood samples of ba-
bies (particularly the low birth weight babies) was lower than
that of adults. This may be as a result of cither reduced produc-
tion of O, radical or depressed production of leucocyte pyrogen
in neonates. Stimulated neutrophils undergo O, dependent mi-
crobial activity to generate H,O, that reduces NBT to produce
formazan deposits. Therefore reduced O, consumption and de-
pressed generation of recactive O, specics may be responsible for
the observed NBT dye reduction especially in low birth weight
babics.

It is possible that the cellular defects in phagocytic
activities found in the neonatal leucocytes may be related to de-
velopmental immaturity of immunc system. Humoral enhance-
ment of phagocytosis is dependent, at least in part, on the serum
complement system. Chemotactic and phagocytic activities have
been associated with C3 and C5 as well as trimolecular complex
of C5, C6, C7 [25]. In the present study, quantitative deficien-
cies of C3 and C5 have been demonstrated in all nconates. Miller
[25] showed that addition of C3 and C5 to sera of nconates sig-
nificantly increased phagocytic and to a lesser extent chemotac-
tic activity. While other serum factors may be involved, it ap-
pears that a deficiency of neconatal sera in genceration of C3 and
C5 results in defective phagocytosis.

The present data on levels of C3 and CS in babics may
suggest a gradual increase of complement components with in-
creasing age. Whether this increasc is due to fetal production or
increasing trans-placental passage remains to be established.
Adinolfi er al [26] suggested that fetal production play a role.
Certainly, the reduction in complement components of low birth
weight babics may explain increased susceptibility to infections
as a result of defective opsonisation.

From this study, it could be concluded that phagocytes
i neonates arc not fully immunocompetent at birth and that neo-
nates are likely to be deficient in imflammatory responscs.
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